During a programmeof screening soil micro-organisms for antibiotics, the production of a new £-lactam antibiotic, designated MM42842, by a bacterial culture has been detected. The previous paper1} described the identification of the producing organism as Pseudomonascocovenenans 326-32B.
MM42842 (2) has been shown to be a new memberof the monobactamseries of /3-lactam antibiotics2) closely related to the previously described sulfazecin3)
(1) (Fig. 1 ). MM42842 differs from other naturally occurring monobactam antibiotics in having a 4-methyl substituent.
Interestingly both the MM42842 and sulfazecin producing cultures also yield members of the bulgecin family of antibiotics^(S. J. Box and S. R. Spear: unoublished data).
Q+^n^+nT-iac r\f aAforrann onrl TV/TA/f AISiAl This paper describes fermentation conditions for the production of MM42842 and methods for its extraction. Details of the structural studies and some physico-chemical and biological properties of MM42842 are also reported.
Materials and Methods
The IR spectra were recorded on a Perkin-Elmer 983 spectrophotometer. XHNMRspectra were obtained at 250 MHzon a Bruker WM250instrument and 13C NMRdata on a Jeol GX270, the latter using sodium trimethylsilyl propionate as an external standard. The mass spectrum was recorded on a VGZABIF spectrometer.
Fermentation Conditions P. cocovenenans 326-32B was grown on agar of the following composition (g/liter): Tryptone Sterile deionized water (10 ml) was added to an agar slope of the organism in a McCartney bottle and a suspension of cells prepared. Portions of this suspension (0.3 ml) were used to inoculate the JAN. 1988 fermentation stage medium (50 ml) in 250-ml Erlenmeyer flasks closed with foam plastic plugs. The fermentation mediumhad the same composition as the agar maintenance mediumbut without the addition of agar.
The flasks were incubated on a gyratory shaker at 28°C. All media were sterilized at 121°C for 15 minutes.
Detection Methods Levels of MM42842 in fermentation and extraction samples were monitored using antibacterial activity determined by the agar -diffusion method with either Acinetobacter Iwoffii LSS7 or Pseudomonasaeruginosa ES48as a test organism. These test organisms are /3-lactam hypersensitive variants of the parent strains.
Purification
The following column media were used in the purification procedure for MM42842 (Fig. 2 Preparation of (4S)-3-Acetylamino-3-methoxy-4-methyl-2-oxoazetidine-l-sulfonic Acid Sodium Salt (4) The starting material 3 (Scheme 1) was prepared from L-threonine using essentially the method of Floyd et al.h 
Results

Fermentation and Purification Studies
The fermentation profile for P. cocovenenans showed that peak titres were reached at approximately 48 hours. Production of antibiotic activity was closely related to the growth of the organism.
The isolation procedure for MM42842 is shown in Fig. 2 . Primary extraction of MM42842 was achieved, using the acidic nature of the antibiotic, by chromatography on the strongly basic ion exchange resin Amberlite IRA-458. Somedifficulty was experienced in obtaining pure preparations of the metabolite by classical chromatographic techniques. However, reversed phase HPLCproved a valuable approach in this respect. The final step was elution in a dilute buffer, and the MM42842 was eluted in a small volume. Good spectral and biological data were obtained without further desalting of the product.
Structural Studies
The IR spectrum of MM42842 (2) showed a characteristic monocyclic /3-lactam absorption band at 1765cm'1 and also sulfonic acid absorptions at 1250and 640cm"\ typical of monobactams7) (see Table 1 ).
An examination of the XHNMRdata obtained on MM42842 (2) ppm (/=6.3 Hz) and the absence of the C-4 methylene normally found at 3.6 ppm. Similar differences were noted in the 13C NMRdata (Table 2 ) obtained on MM42842, in particular the presence of an extra methyl signal at 16.0 ppmin MM 42842 and the appearance of a low-field methine carbon at 67.4 ppmin place of the methylene carbon at 57.2 ppm reported for sulfazecin. Furthermore, the only significant chemical shift changes (Jd) occurring, on going from MM42842 to sulfazecin are associated with the C-3 and C-4 carbons and these shifts are entirely consistent with the presence of a methyl substituent at C-4 in MM42842. On the basis of these results the structure 2 is proposed for MM42842.
Side Chain Stereochemistry
The following amino acids were detected on acid hydrolysis of MM42842; D-glutamic acid (0.29 mg), L-glutamic acid (0.ll mg), D-alanine (0.13 mg) and L-alanine (0.07 mg). These results indicate that the side chain stereochemistry is mainly dd as in sulfazecin.3) However, quantities of the lenantiomers were detected suggesting that other side chain isomers may be present and indeed one such minor isomer is detectable in the *H NMRspectrum of MM42842. No epimerisation of authentic D-glutamic acid or D-alanine takes place under the hydrolysis conditions. C-4 Stereochemistry of MM42842 The synthetic diastereomeric monobactams 4a and 4b were prepared as model compounds in order to compare the XHNMRchemical shifts of the 4-H and 4-CH3 with the values obtained on MM42842.
The assignment of C-3 stereochemistry in the case of 4a and 4b was madeon the basis of nuclear Overhauser experiments. Thus, irradiation of the methoxyl signal at 3.5 ppm in the diastereomeric mixture gave an enhancement of the signals at 1.45 ppm (the 4-CH3 of isomer 4b) and 4.25 ppm (the 4-H of isomer 4a) and it follows therefore that these groups are cis to the methoxyl protons in the respective isomers. Thus the major isomer 4a formed by addition of methanol to the acylimine intermediate50 derived from methylthio compound must have a trans relationship between the C(4)-methyl and the methoxyl group. This is to be expected from steric considerations, the methanol adding from the least hindered face.
A comparison of the chemical shift data obtained on MM42842, 4a and 4b has been made in Table 3 and a consideration of this information suggests that the relative stereochemistry about the C(3)-C(4) bond in MM42842 is as found in 4a. Biological Properties The antibacterial activity of MM42842 was weak (Table 4) and was directed mainly against Gram-positive bacteria. This spectrum of activity contrasts with those of sulfazecin8) and isosulfazecin9) which are generally more active against Gram-negative bacteria.
Discussion
The production of /3-lactam antibiotics by bacteria is well known. MM42842 is of particular interest since it is the first naturally occurring monobactam antibiotic with a 4-methyl substituent. The results of the chiral amino acid analysis, showed that MM42842 is the sulfazecin analogue with the D-glutamic -D-alanine side chain. However, the presence of both amino acids with the L-configuration albeit in small quantities, suggests the presence of further monobactamderivatives. It was not possible to confirm the presence of such compounds in the present study. Similar variations are also found in the case of sulfazecin and isosulfazecin.2) Of interest in the case of P. cocovenenans 326-32B is its ability to produce members of the bulgecin family of antibiotics as well as the monobactam MM42842. This property is in common with the previously described sulfazecin producing organism Pseudomonas acidophilia ATCC3 1 363.2) 
